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Background: Several environmental factors have been associated with increased risks for cervical cancer. We examined whether 
reproductive history, contraceptive use, or sexual behaviour increase the risk for cervical intraepithelial neoplasia grade 3 or worse 
(CIN3 + ) among women with persistent human papillomavirus (HPV) infection. 

Methods: A population-based cohort of women participated in a personal interview and underwent a gynaecological examination 
at which cervical specimens were obtained for HPV DNA testing. Follow-up information (~13 years) on cervical lesions was 
obtained from the Danish Pathology Data Bank. Women who had a high-risk HPV infection comprised the overall study 
population (n= 1353). A subgroup of women with persistent high-risk HPV infection (n = 312) was identified. Hazard ratios (HRs) for 
a diagnosis of CIN3+ and the corresponding 95% confidence intervals (CIs) were calculated. 

Results: Women with persistent HPV infection who had given birth had a significantly increased risk for CIN3+ (HR= 1 .78; 95% CI: 
1.07-2.94). No association was found with pregnancy, use of intrauterine devices, or sexual behaviour. Based on small numbers, 
women with persistent HPV infection had a decreased risk for CIN3+ with any use of oral contraceptives (HR = 0.54; 95% CI: 
0.29-1 .00). 

Conclusion: Childbirth increases the risk for subsequent CIN3+ among women with persistent HPV infection. 



The common sexually transmitted high-risk human papillomavirus 
(HPV) is found to be a necessary factor for cervical cancer (Bosch 
et al, 2002). Most newly acquired HPV infections are transient, but 
a small fraction of infections persist, and it is these persistent 
infections that are involved in the development of cervical cancer 
and its immediate precursor lesions (Kjaer et al, 2010; Schiffman 
et al, 2011). Cervical cancer and the less severe but commoner 
precursor lesions results in high costs for treatment and 
surveillance, and cause anxiety (Kjaer, 2007). Identification of 
HPV cofactors, which in addition to HPV infection increase the 
risk for precursor lesions of cervical cancer, will lead to better 
understanding of the natural history of HPV and cervical 
carcinogenesis (Castellsague et al, 2002). 



A variety of environmental factors, such as reproductive history 
(Castle et al, 2002, 2005; Munoz et al, 2002; Appleby et al, 2006; 
Gargano et al, 2012; Liao et al, 2012), contraceptive use (Castle 
et al, 2002, 2005; Moreno et al, 2002; Appleby et al, 2007; 
Castellsague et al, 2011), and sexual behavioural factors (Appleby 
et al, 2009; Louie et al, 2009), have been suggested as HPV 
cofactors. Only a few of the known studies concerning these 
cofactors were prospective cohort studies (Castle et al, 2002, 2005; 
Gargano et al, 2012; Liao et al, 2012) and some did not differentiate 
between high- and low-risk HPV types (Moreno et al, 2002; 
Munoz et al, 2002; Louie et al, 2009; Castellsague et al, 2011) at 
baseline. In addition, in previous studies, a single measurement of 
baseline HPV infection (comprising newly acquired as well as 
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persistent infections) was used, although women truly at risk for 
cervical progression have persistent high-risk HPV infection (Kjaer 
et al, 2010; Schiffman et al, 2011). Thus, it is still not clear whether 
any associations observed between these suggested HPV cofactors 
and high-grade cervical disease were due to an increase in the risk 
for persistence of the prevalent HPV infection or also to an 
increase in the risk for progression given persistent HPV infection. 
We have previously identified heavy smoking to increase the 
subsequent risk for high-grade cervical lesions given persistent 
HPV infection (Jensen et al, 2012). In this study, we examined the 
possible contribution of reproductive history, contraceptive use, 
and sexual behaviour to the subsequent risk for precursor lesions of 
cervical cancer in a prospective cohort study of high-risk HPV + 
women and in a subgroup of women with persistent infection. 



MATERIALS AND METHODS 



The study population consisted of women who participated in a 
Danish population-based cohort study of the natural history of 
HPV (Kjaer et al, 2006). All participants provided written 
informed consent before entering the study. The study was 
approved by the National Scientific Ethical Committee and the 
National Data Protection Board. Residents of Denmark are 
assigned a unique personal identification number, which includes 
their sex and date of birth and is registered in the Central 
Population Register. Individual information on all residents is kept 
under this personal identification number in all public registries in 
Denmark, which ensures correct linkages between registries. The 
cohort consisted of a random sample of women aged 20-29 years 
living in the Copenhagen area («= 17 949) identified by the 
Central Population Register. All the women received a postal 
invitation to participate in the study. Women who had moved out 
of the uptake area when contacted were ineligible (n = 1604). At 
the study site, the participants underwent a structured interview 
covering sociodemographic factors, lifestyle habits, reproductive 
factors, contraceptive use, sexual behaviour, and history of sexually 
transmitted infections. The participants also underwent a gynae- 
cological examination, where a Pap smear was taken and cervical 
cells were obtained for later HPV DNA testing. At the first 
examination (May 1991-January 1993), 11088 women partici- 
pated. Approximately 2 years later (October 1993-January 1995), 
the same women were invited for a second examination. The 
women were invited in the same order as participating in the first 
examination, they underwent the same procedures, and a total of 
8656 women participated. 

Follow-up. The date of the second individual examination was 
chosen as the baseline. The women were followed from baseline to 
6 March 2007. We obtained information about cervical lesions 
during follow-up by linking the participants' personal identifica- 
tion numbers to the Danish Pathology Data Bank, a nationwide 
pathology register that contains the results of cervical cytology and 
histology in Denmark. Cervical diagnoses are mainly reported as 
atypia, mild dysplasia, moderate dysplasia, severe dysplasia, 
carcinoma in situ, or cancer. For our study, we translated the 
histological diagnoses into the cervical intraepithelial neoplasia 
(CIN) nomenclature, where CIN grade 3 (CIN3) or worse covers 
the diagnoses severe dysplasia, carcinoma in situ, and cancer. 
Regarding the cytological diagnoses, severe dysplasia, carcinoma 
in situ, and cancer were categorised as high-grade squamous 
intraepithelial lesions or worse. 

HPV DNA testing. As described previously, Hybrid Capture 2 
(Qiagen, Hilden, Germany) was used to test for HPV DNA in 
cervical samples (Kjaer et al, 2006). The high-risk probe that 
detects at least 13 high-risk types (HPV16, 18, 31, 33, 35, 39, 45, 51, 
52, 56, 58, 59, and 68) was used, and the cutoff of l.Opgml -1 



recommended by the United States Food and Drug Administration 
was adopted (Iftner and Villa, 2003). The samples that contained 
high-risk HPV DNA were later HPV genotyped by a polymerase 
chain reaction-based line probe assay (LiPAv2; Innogenetics Inc., 
Ghent, Belgium) (Klug et al, 2008), which allows detection of 24 
HPV genotypes; we were interested in the 13 high-risk types. The 
cervical samples were tested for HPV infection years after the 
samples were obtained and the HPV results did not influence 
subsequent surveillance or treatment of the women. 

Definition of the study population. The overall study population 
for our study consisted of women who provided biological material 
for HPV DNA testing at both examinations and who had a high- 
risk HPV infection (based on the Hybrid Capture 2) at baseline 
(n = 1435). Women who had an inadequate baseline smear and 
women who did not undergo a cervical examination during follow- 
up were excluded (n = 56), as were women with prevalent disease 
(moderate dysplasia or worse) at baseline or within 1 year before 
(n = 26). The remaining 1353 women, who were high-risk HPV + 
based on the single HPV measurement at baseline, constituted our 
overall study population. From this population, we identified a 
subgroup on the basis of the LiPAv2 HPV test results from both 
cervical examinations: woman who had the same HPV genotype at 
the baseline examination and at the examination 2 years before 
baseline were categorised as having persistent HPV infection 
(n = 312). 

We retrieved information about the covariates from the 
structured interview at the baseline examination. We used two 
measures of reproductive history, namely number of pregnancies 
(including induced abortions, miscarriages, and ectopic pregnan- 
cies) and number of births. We also evaluated the contributions of 
ever/never oral contraceptives (OCs) and intrauterine devices 
(IUDs). Among ever OC users, we studied the duration of OC use 
in three categories (^4, 5-9, and ^10 years), and among ever 
IUD users, we studied the duration in two categories ( ^ 4 and > 5 
years). As a measure of sexual behaviour, age at first intercourse 
was divided into three categories (^15, 16-17, and ^18 years) 
and lifetime number of sexual partners was divided into four 
categories (^4, 5-9, 10-14, and ^15 partners). The outcome 
measure was immediate precursors of cervical cancer, defined as a 
histological diagnosis of CIN3 or worse or a cytological diagnosis 
of high-grade squamous intraepithelial lesions or worse. In the 
overall study population, we identified 241 women with high-grade 
cervical lesions of whom the majority (n = 187) had a diagnosis of 
CIN3 or worse and 54 women had a diagnosis of high-grade 
squamous intraepithelial lesions or worse without histological 
confirmation. In the following, we use the term 'CIN3 + ' to refer 
to this combined outcome measure. 

Statistical analyses. To determine whether reproductive history, 
contraceptive use, or sexual behaviour could predict CIN3 + , an 
accelerated failure time model was used, which allowed the use of 
an interval censored response variable, as the exact date of 
development of a cervical lesion was unknown. A Weibull 
distribution was used for failure time, as the Weibull distribution 
fitted data significantly better than the more parsimonious 
exponential model (P< 0.001) and as well as the more complex 
generalised gamma model (P = 0.34). Hazard ratios (HRs) and 
their corresponding 95% confidence intervals (CIs) were estimated 
for CIN3 + in relation to reproductive history, contraceptive use, 
and sexual behaviour for both the overall study population and the 
subgroup of women who had persistent high-risk HPV infection at 
baseline. When we analysed the risk in relation to only histological 
diagnoses of CIN3 or worse, the results were virtually identical but 
with wider CIs as for the combined diagnoses. Thus, we used the 
combined outcome measure 'CIN3 + '. 

We have found that smoking (Jensen et al, 2012) and length of 
schooling (data not shown), as a proxy for socioeconomic status 



www.bjcancer.com | DOI:10.1038/bjc.2012.513 



235 



BRITISH JOURNAL OF CANCER 



Persistent HPV, parity, and severe cervical lesions 



(Bobak et al, 2000), are associated with a diagnosis of CIN3 + . 
Furthermore, HPV type is known to be predictive for progression 
(Kjaer et al, 2010). Therefore, we present unadjusted estimates, 
estimates adjusted for smoking status (never, former, current) and 
length of schooling (long, medium, short), and estimates 
additionally adjusted for baseline HPV16 positivity (yes/no). The 
estimates for contraceptive methods and sexual behaviour were 
additionally adjusted for ever given birth (yes/no). We also initially 
adjusted for age, sexual behaviours, and OC use; however, it did 
not affect the overall results and these factors were not included as 
potential confounders in the final analysis. Finally, we also adjusted 
for length of time between the two examinations, but as this did 
not affect the estimate of the other variables, it was not included in 
the final statistical model. 

In a separate analysis, we studied whether some groups of 
women were more likely to undergo cervical cytology screening 
during follow-up and were therefore more likely to have cervical 
lesions detected and treated. A Poisson regression model was used 
to determine whether the number of cervical cytology examina- 
tions between baseline and the end of study varied with any of the 
potential cofactors. This was studied among women in the overall 
study population who had no abnormal cervical diagnoses during 
follow-up (n = 954), taking the person time in the cohort into 
account. 



RESULTS 



Table 1 shows the distribution of the two study groups in relation 
to reproductive history, contraceptive methods, and sexual 
behaviour, and the percentage of women who had a diagnosis of 
CIN3+ during follow-up. Overall, 17.8% of the high-risk HPV + 
women had a diagnosis of CIN3 + and 30.8% of the women with 
persistent HPV infection had CIN3 + diagnosed during follow-up 
(Table 1). A small number of women had given birth twice or more 
and a high proportion of these women had a diagnosis of CIN3 + : 
27.5% of women who were high-risk HPV + at one measure and 
as high as 83.3% of women with persistent HPV infection. In 
relation to OC use among women with a persistent HPV infection, 
a small number (n = 28) of women reported never having used OC 
and 42.9% of these women had a diagnosis of CIN3 + . The 
number of cervical cytological examinations during follow-up did 
not vary significantly with any of the potential cofactors 
(pregnancy, P=0.9; childbirth, P=0.6; OC use, P=0.7; IUD 
use, P=0.5; young age at first intercourse, P=0.3; or number of 
sexual partners, P=0.6) (data not shown). 

The HRs for a subsequent diagnosis of CIN3 + in relation to 
reproductive history, contraceptive use, and sexual behaviour in 
the overall study population of women testing positive for high- 
risk HPV at baseline are shown in Table 2. We found no statisti- 
cally significant association between pregnancy and CIN3 + . In 
contrast, we found a statistically significantly increased risk for 
CIN3+ with ever giving birth (HR= 1.39; 95% CI: 1.02-1.91) in 
the adjusted model and an almost two-fold increased risk in the 
unadjusted model for two or more deliveries compared with no 
deliveries (HR=1.90; 95% CI: 1.11-3.28). In the model where 
adjustment was made for smoking status, length of schooling, and 
HPV16 positivity, the HR did not reach statistical significance but 
was still markedly increased (HR=1.58; 95% CI: 0.91-2.74). In 
relation to contraceptive use, no association was seen with ever OC 
use, ever IUD use, or duration of use of these contraceptives. In 
addition, no statistically significant associations were observed with 
age at first intercourse or lifetime number of sexual partners. 

In the subgroup of women with persistent high-risk HPV 
infection (Table 3), the women who had given birth were 
significantly more likely to have a subsequent diagnosis of CIN3 + 



Table 1. Distribution of women diagnosed with CIN3+ during follow- 
up according to reproductive history, contraceptive use, and sexual 
behaviour among women with high-risk HPV infection and women with 
persistent high-risk HPV infection 















High-risk HPV 


Persistent high-risk HPV 




n 


(% developing 
CIN3 + ) 


n 


(% developing 
CIN3 + ) 


Total 


1353 


(17.8) 


312 


(30.8) 


Pregnancy 


Never 
1 

>2 


820 
330 
202 


(16.8) 
(18.5) 
(20.8) 


192 

80 
40 


(29.7) 
(31.3) 
(35.0) 


Birth 


Never 
1 

>2 


1130 
169 
51 


(16.7) 
(22.5) 
(27.5) 


268 
37 
6 


(28.4) 
(40.5) 
(83.3) 


Oral contraceptive 


use 






Never 
Ever 


186 
1166 


(17.7) 
(17.8) 


28 
284 


(42.9) 
(29.6) 


Intrauterine device 


use 






Never 
Ever 


1043 
309 


(17.0) 
(20.7) 


237 
75 


(30.4) 
(32.0) 


Age at first intercourse (years) 


>18 
16-17 

=S 15 


394 
519 
438 


(17.3) 
(20.1) 
(16.4) 


81 
130 
101 


(28.4) 
(29.2) 
(34.7) 


Number of sexual partners 


=S4 
5-9 
10-14 
>15 


170 
372 
328 
482 


(13.5) 
(21.0) 
(14.9) 
(18.9) 


23 
92 
72 
125 


(39.1) 
(35.9) 
(23.6) 
(29.6) 


Abbreviations: 
virus. 


CIN3 = cervical intraepithelial neoplasi 


a grade 3; HPV= human papilloma- 



(HR= 1.78; 95% CI: 1.07-2.94) than those who had never given 
birth, and the estimate for two or more births was also markedly 
increased in the fully adjusted model (HR = 2.59; 95% CI: 1.00- 
6.74). The likelihood of CIN3 + during follow-up was lower 
among women who ever had used OC (HR = 0.54; 95% CI: 0.29- 
1.00) than among those who had never used them, and a 
statistically significantly decreased risk was observed for women 
who had used OC for 4 or less years (HR = 0.47; 95% CI: 0.23- 
0.96). In contrast, neither pregnancy, IUD use, nor any of the 
sexual habit variables (age at first intercourse, number of sexual 
partners) showed any relation with the development of CIN3 + 
among women with a persistent high-risk HPV infection. 



DISCUSSION 



In this study of high-risk HPV+ women, childbirth but not 
pregnancy was predictive of CIN3+ during up to 13 years of 
follow-up. The effect of parity was particularly evident when the 
study population was restricted to women with persistent high-risk 
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Table 2. Risk for CIN3+ in relation to reproductive history, 
contraceptive use, and sexual behaviour among women with high-risk 
HPV infection (n= 1353) 





HR 


HR a 


HR 


(95% Cl) b 


Pregnancy 


Never 


1 


1 


1 




Ever 


1.17 


1.10 


1.12 


(0.86-1 .45) 


1 


1.11 


1.07 


1.09 


(0.80-1 .47) 


>2 


1.27 


1.15 


1.16 


(0.82-1 .65) 


Birth 


Never 


1 


1 


1 




Ever 


1.50 


1.37 


1.39 


(1.02-1.91) 


1 


1.39 


1.29 


1.33 


(0.94-1 .90) 


>2 


1.90 


1.66 


1.58 


(0.91-2.74) 


Oral contraceptive use (years) c 


Never 


1 


1 


1 




Ever 


0.99 


0.92 


0.93 


(0.64-1 .35) 


s=4 


0.93 


0.88 


0.92 


(0.60-1 .41) 


5-9 


1.02 


0.97 


0.93 


(0.63-1 .39) 


>10 


1.01 


0.90 


0.95 


(0.60-1 .49) 


Intrauterine device use (years) c 


Never 


1 


1 


1 




Ever 


1.26 


1.16 


1.13 


(0.84-1.52) 




1.21 


1.10 


1.06 


(0.75-1.50) 


>5 


1.37 


1.30 


1.29 


(0.83-2.03) 


Age at first intercourse (years) c 


5*18 


1 


1 


1 




16-17 


0.94 


0.89 


0.87 


(0.63-1.19) 


s=15 


1.21 


1.05 


1.05 


(0.75-1 .45) 


Number of sexual partners' 1 


<S4 


1 


1 


1 




5-9 


1.57 


1.47 


1.42 


(0.89-2.27) 


10-14 


1.08 


1.02 


1.02 


(0.62-1 .69) 


»15 


1.41 


1.27 


1.29 


(0.81-2.06) 


Abbreviations: Cl = 


confidence interval; CIN3 = cervical 


ntraepithelial neo 


plasia grade 3; 


HPV= human papillomavirus; HR = hazard ratio. Note: Bold type indicates 95% CI does not 


include 1. 










a Adjusted for smok 


ng status and length of schooling. 






Adjusted for smoking status, length of schooling, and HPV16 positivity. 




'The adjusted HRs were additionally a 


djusted for ever given birth. 





HPV infection, which implies that the effect of childbirth on 
CIN3 + cannot solely be explained by an increased risk for HPV 
persistence. This has not been shown previously. Previous studies, 
which were based on a single HPV measurement, had conflicting 
results: in studies of pooled data, mainly from case-control studies, 
a strong association was found between cervical cancer and an 
increasing number of full-term pregnancies (Munoz et al, 2002; 
Appleby et al, 2006). Other studies also observed an increased risk 
with pregnancy or parity (Hildesheim et al, 2001; Castellsague et al, 
2006; Wang et al, 2009; Almonte et al, 2011; Gargano et al, 2012; 
Liao et al, 2012), although some did not (Deacon et al, 2000; 
Ferrera et al, 2000; Castle et al, 2002, 2005). Castle et al (2005), 
who did not observe an association between parity and CIN3 or 
worse, suggested that their null finding could be explained by low 
parity and choice of outcome. In our study, however, parity was 
even lower and we also focused on immediate precursor lesions to 
cervical cancer. Based on our study design, where we observed a 



Table 3. Risk for CIN3+ in relation to reproductive history, 
contraceptive use, and sexual behaviour among women with persistent 
high-risk HPV infection (n = 312) 





HR 


HR a 


HR 


(95% Cl) b 


Pregnancy 


Never 


1 


1 


1 




Ever 


1.16 


1.12 


1.02 


(0.67-1.56) 


1 


1.11 


1.08 


1.02 


(0.63-1 .65) 


>2 


1.25 


1.20 


1.03 


(0.56-1.88) 


Birth 


Never 


1 


1 


1 




Ever 


2.01 


1.96 


1.78 


(1 .07-2.94) 


1 


1.70 


1.65 


1.61 


(0.92-2.84) 


>2 


4.63 


4.38 


2.59 


(1 .00-6.74) 


Oral contraceptive use (years) c 


Never 


1 


1 


1 




Ever 


0.58 


0.49 


0.54 


(0.29-1.00) 


=S4 


0.44 


0.39 


0.47 


(0.23-0.96) 


5-9 


0.68 


0.57 


0.58 


(0.30-1.12) 


>10 


0.56 


0.48 


0.53 


(0.25-1.13) 


Intrauterine device use (years) c 


Never 


1 


1 


1 




Ever 


1.08 


0.92 


0.84 


(0.51-1.36) 


=S4 


1.03 


0.86 


0.74 


(0.42-1 .30) 


>5 


1.20 


1.08 


1.14 


(0.54-2.44) 


Age at first intercourse (years) c 


=518 


1 


1 


1 




16-17 


1.01 


0.97 


0.88 


(0.52-1.49) 


=S15 


1.32 


1.20 


1.13 


(0.65-1.95) 


Number of sexual partners 1 


s=4 


1 


1 


1 




5-9 


0.79 


0.68 


0.64 


(0.30-1.38) 


10-14 


0.50 


0.46 


0.45 


(0.20-1.03) 


>15 


0.65 


0.57 


0.60 


(0.28-1.26) 


Abbreviations; CI = 


confidence interval; CIN3 = cervical 


ntraepithelial neoplasia grade 3; 


HPV = human papillomavirus; HR = hazard ratio. Note: Bold type indicates 95% CI does not 


include 1 . 










a Adjusted for smok 


ng status and length of schooling. 






b Adjusted for smok 


ng status, length of schooling, and HPV16 positivity. 




c The adjusted HRs were additionally adjusted for ever given birth. 





high risk of subsequent CIN3 + among women with a persistent 
HPV infection (30.8%), childbirth was able to increase the risk for 
CIN3 + on top of the strong effect of HPV persistence. 

Several mechanisms have been suggested to explain the 
increased risk for precursor lesions or cervical cancer in relation 
to pregnancy and childbirth, for example, increased hormone levels 
and impaired immune response (Appleby et al, 2006). Further- 
more, it has been shown that the transformation zone remains on 
the ectocervix for longer in multiparous women and thereby 
facilitates direct exposure to HPV and potential cofactors (Autier 
et al, 1996). The increased risk found in our study in relation to 
childbirth and not to number of pregnancies could indicate that 
the biological explanation is delivery-related and not pregnancy 
per se. Furthermore, women who had never given birth according 
to pregnancy (never/ever), but had had one or more abortions/ 
ectopic pregnancies, had no increased risk of CIN3 + when 
compared with never pregnant women (high-risk HPV + women: 
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HR adj = 0.93; 95% CI: 0.67-1.29) (data not shown). Local tissue 
damage during vaginal delivery or cellular oxidative stress with 
increased likelihood of DNA damage and HPV integration may 
be possible mechanisms (Castle, 2004; Williams et al, 2011). A role 
of vaginal delivery is supported by findings from a multi- 
centre study in which an increased risk for cervical cancer was 
observed among HPV + women with vaginal deliveries but not 
with number of abortions or among HPV+ women with 
caesarean sections only (Munoz et al, 2002). However, the number 
in the last group was small, and this aspect should be explored 
further. In contrast, Hildesheim et al (2001) reported no increased 
risk with stillbirths, refuting the hypothesis of a delivery- related 
mechanism. If no true difference in risk is found in relation 
to mode of delivery, our finding of an increased risk with giving 
birth but not with pregnancy might be explained by the length 
of pregnancy or some common biological circumstances during 
late pregnancy. 

High levels of sex hormones appear to be involved in cervical 
carcinogenesis: oestrogen has been suggested to stimulate HPV 
gene expression, influence the cervical immune response, and 
stimulate cell proliferation in the transformation zone (Delvenne 
et al, 2007; Gariglio et al, 2009). Exposure to sex hormones is 
related to both parity and OC use. Pregnancy and childbirth 
is characterised by short-term intense exposure, whereas OC use is 
low-intensity and can often be a more long-term exposure. We, 
however, found no increased risk for CIN3 + in relation to OC use 
or duration of use. This is in line with previous prospective studies 
(Castle et al, 2002, 2005) and some case-control studies (Deacon 
et al, 2000; Wang et al, 2009), but in contrast to findings from 
studies based mainly on pooled data, in which increased risks were 
found with long duration of OC use (Hildesheim et al, 2001; 
Moreno et al, 2002; Smith et al, 2003; Castellsague et al, 2006; 
Appleby et al, 2007). In our study, the subgroup of women with 
persistent HPV infection, ever use as opposed to never use of OC, 
was related to a decreased risk for CIN3 + of borderline 
significance and a statistically significantly decreased risk was 
found with 4 or less years of OC use. The group of never OC users 
with a persistent HPV infection comprised only 28 women. We 
cannot explain these findings; the associations could be spurious 
and should be examined further before any firm conclusions are 
drawn. The conflicting results regarding the role of OC use in 
cervical carcinogenesis might be explained by different hormone 
levels, as the hormone levels in OCs have declined gradually since 
the first launch. The inherent advantages of a prospective study 
design as opposed to cross-sectional designs might also explain the 
discrepancy with previous findings. Intensive cervical cancer 
screening, for example, among women who use OC, may imply 
a higher detection and treatment of precursor lesions. However, 
the extent of cervical cytology testing did not differ significantly 
according to the covariates in our study. 

We found no association between IUD use and a subsequent 
diagnosis of CIN3 + . In a large study of pooled data from mainly 
case-control studies, IUD use was no longer associated with a 
statistically significantly decreased risk for cervical cancer when the 
analysis was restricted to HPV + women (Castellsague et al, 201 1). 
A decreased risk for adenocarcinomas was found in a smaller study 
of HPV+ women (Castellsague et al, 2006). It has been 
hypothesised that women who use IUD often are well screened, 
and precursor lesions are therefore more likely to be eliminated 
than in non-IUD users. Furthermore, IUD-induced chronic, low- 
grade, sterile inflammation of the local mucosa might modify HPV 
carcinogenesis (Castellsague et al, 2011). We also found no 
association with sexual behaviour, in accordance with previous 
case-control studies (Deacon et al, 2000; Ferrera et al, 2000; 
Hildesheim et al, 2001; Wang et al, 2009; Almonte et al, 2011) and 
a large study of pooled data (Appleby et al, 2009), but in contrast to 
the results of two multicentre case-control studies, which showed 



an increased risk for cervical cancer with decreasing age at first 
intercourse (Castellsague et al, 2006; Louie et al, 2009). 

This is the first study presenting reproductive cofactors for 
developing CIN3 + among women with persistent HPV infection. 
However, the study had some potential limitations: the group of 
women with persistent infection was relatively small, and this 
might explain some nonsignificant findings. We also had limited 
statistical power to study the mode of delivery (vaginal delivery/ 
caesarean section) or pregnancy outcome (abortion/ectopic 
pregnancy) separately. A larger cohort of women with persistent 
infections is needed to draw firm conclusions about the importance 
of mode of delivery or pregnancy outcome. We defined HPV 
persistence as being HPV + for the same HPV genotype at the two 
examinations, which means that at baseline the infections had 
lasted for approximately 2 years. Owing to left-censoring, we did 
not have any further information about length of persistence, 
which is a potential limitation of the study. Furthermore, using our 
definition of HPV persistence we cannot exclude that some of the 
women with persistent infections had re-infections with the same 
HPV genotype rather than true persistent infections. A further 
limitation of our study is that the exposure status was captured 
only at baseline, and exposure status might have changed between 
baseline and end of follow-up; however, this potential change has 
most likely led to conservative estimations of the HRs. 

Our study also had some strengths: it is a major strength that we 
are able to investigate HPV cofactors in a population of high-risk 
HPV DNA+ women as well as in a subgroup of women with 
persistent HPV infection. This implies that our results on the risk 
for CIN3 + cannot solely be explained by an association between 
the covariate and HPV acquisition or HPV persistence. Additional 
strengths were use of a population-based study with no prevalent 
disease at baseline and a long follow-up (~ 13 years). This design 
ensured that both HPV infection and the potential cofactors were 
present before development of CIN3 + , although it did not allow 
us to determine whether progression was conditional on inter- 
relational timing between HPV infection and the covariate. To 
examine this aspect of the natural history of HPV, prospective 
studies with many consecutive measurements of HPV and 
covariates are needed. Finally, we obtained follow-up information 
by using the unique personal identification number and the 
nationwide Pathology Data Bank, which is known to be almost 
complete and of high quality. This enabled us to conduct a 
prospective study with virtually no loss to follow-up. 

In summary, childbirth increased the subsequent risk for 
immediate precursor lesions to cervical cancer, particularly among 
women with persistent high-risk HPV infection. No increased risk 
was observed with pregnancy, contraceptive use, or sexual 
behaviour. These findings add to the understanding of cervical 
carcinogenesis and this study is the first to show that childbirth 
contributes to the risk of cervical carcinogenesis in addition to the 
risk associated with persistent HPV infection. 
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